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Abstract: The benefits of dairy consumption seem to extend beyond its significant contribution to
ensuring nutrient intake adequacy as indicated by the favourable associations with several health
outcomes reported by different studies. The aims of the present study were to examine the associations
of milk consumption with fitness, anthropometric and biochemical indices in children and further
explore whether the observed associations are attributed to vitamins B, and By, derived from milk.
A representative subsample of 600 children aged 9-13 years participating in the Healthy Growth Study
was examined. Data were collected on children’s dietary intake, using 24 h recalls, as well as on fitness,
anthropometric and biochemical indices. Regression analyses were performed for investigating the
research hypothesis, adjusting for potential confounders and for B-vitamin status indices (i.e., plasma
riboflavin, methylmalonic acid and total homocysteine concentrations), dietary calcium intake and
plasma zinc concentrations that could possibly act as effect modifiers. Milk consumption was
positively associated with the number of stages performed in the endurance run test (ERT) (§ = 0.10;
p =0.017) and negatively with body mass index (BMI) (3 = —0.10; p = 0.014), after adjusting for
several potential confounders and effect modifiers. Dietary intakes of vitamin B, and By, derived from
milk were also positively associated with the number of ERT stages ( = 0.10; p = 0.015 and 3 = 0.10;
p = 0.014 respectively). In conclusion, higher intake of milk as well as vitamin B, and By, derived from
milk were independently associated with higher cardiorespiratory fitness in Greek preadolescents.
The key roles of these B-vitamins in substrate oxidation, energy production, haemoglobin synthesis
and erythropoiesis could provide a basis for interpreting these associations. However, further research
is needed to confirm this potential interpretation.

Keywords: milk; vitamin By; vitamin Byy; zinc; homocysteine; fitness; serum lipids; inflammation; children

1. Introduction

Milk and other dairy products (cheese and yogurt) are natural, rich sources of a wide range of
essential nutrients [1,2]. In addition to their high protein content, daily consumption of dairy products
contributes considerably to the overall diet quality and to the dietary intake adequacy of both vitamins
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(i.e., vitamins B, and By,) and minerals (i.e., calcium, zinc, etc.) [1,2]. For these reasons, dairy products
are an integral part of numerous national dietary guidelines, with the majority of these guidelines
proposing consumption of 2-3 servings per day [3-5].

The important role of dairy in ensuring nutrient intake adequacy and sufficient concentrations of
nutrient status blood indices was recently reported for the population of schoolchildren examined in
the present study [2,6]. These recent findings showed that dairy consumption contributes to 63.2% of
dietary calcium intake and 28.1% of total dietary zinc intake, as well as to 47.2%, 42.9% and 17.3% of the
total dietary intakes of vitamin Bjy, B, and Bg respectively [2]. The same data also showed that more
that 50% of dairy consumption by the same population of Greek schoolchildren is attributed to milk
intake, which subsequently contributes to 36.6%, 13.3%, 28.4%, 26.6% and 11.9% of the total dietary
intakes of calcium, zinc, vitamin By, B and B¢ respectively [6]. Furthermore, it was confirmed that
dietary vitamin B, intake from milk was positively associated with plasma riboflavin concentration,
i.e., a marker of vitamin B, status [6]. In addition, dietary intakes of vitamin By and By, from milk
were associated with lower plasma concentrations of total homocysteine (tHcy) [6], a potential cardio
metabolic risk factor that increases in states of poor B-vitamin status.

However, the benefits of dairy and milk in particular, seem to extend beyond significant
contribution to the total dietary intake of several essential nutrients. In this context, there are several
studies underscoring the benefits of total dairy and milk consumption on several health indices.
More specifically, different meta-analyses have reported neutral or favourable associations of total
dairy and milk consumption with body weight and fat mass levels [7,8], glycaemic and lipidemic
profile [9,10], blood pressure and cardiorespiratory fitness indices in all age groups [11], as well as with
optimal skeletal growth and development in children and adolescents [3]. Several nutrients, naturally
present in milk and other dairy products, seem to have a key role in interpreting the favourable
associations. In this regard, all dairy products contain all the essential amino acids and support muscle
protein synthesis [12]. In addition, the role of dairy calcium on faecal fat excretion, appetite control,
fat mobilization and oxidation [13], has been proposed as another basis for explaining the inverse
associations observed between dairy intake and adiposity indices. Furthermore, numerous metabolic
and cellular functions are mediated by zinc (e.g., immune function, protein synthesis, wound healing,
DNA synthesis, cell division) and vitamins B, and By, (e.g., energy production, fatty acid synthesis
and oxidation, mitochondrial function, haemoglobin synthesis), in the total dietary intake of which
dairy products, especially milk, has been reported to considerably contribute in children [2]. However,
research has not examined whether the health benefits associated with dairy consumption can be
attributed to the vitamins and minerals naturally present in dairy products.

Due to the scarcity of relevant data, particularly in children and adolescents, the primary objective
of the present study was to examine the associations of milk consumption with several fitness,
anthropometric and biochemical indices of health status in schoolchildren aged 9-13 years, considering
that more than 50% of dairy consumption by Greek schoolchildren is attributed to milk. A secondary
objective was to explore whether these associations were probably attributed to specific nutrients for
which milk consumption considerably contributes to their total dietary intakes, such as vitamins B,
and Bj,. Biomarkers of B-vitamins and zinc plasma concentration were used in the present study as
possible effect modifiers of the aforementioned associations, since in many cases biomarkers adequately
reflect dietary intakes [14,15].

2. Materials and Methods

2.1. Study Design and Study Population

The “Healthy Growth Study” was a cross-sectional study, the pilot phase of which was initiated
in May 2007. Approval to conduct the study was granted by the Greek Ministry of National Education
and the Ethical Committee of Harokopio University of Athens. The population under study comprised
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of schoolchildren aged 9-13 years attending the 5th and 6th grades from primary schools located in
municipalities within the wider region of Athens.

The sampling of municipalities and schools in the “Healthy Growth Study” study was random,
multistage and stratified by parental educational level and the total population of 9-13 year-old
students, thus yielding a representative sample of primary schoolchildren. An appropriate number of
schools were randomly selected from the participating municipalities in relation to the population of
schoolchildren registered in the 5th and 6th grade in each municipality, based on data obtained from
the Greek Ministry of Education. In total, for 2472 out of 4145 children (Response rate ~60%), a consent
form signed by the parents or guardians was collected. Of these 2472 children, a representative
subsample of 600 children was used to examine the current research hypothesis, for which data were
already available from previous analyses on B-vitamin status markers. The selected subsample of
600 children had similar characteristics with the remaining subsample of 1872 children from the total
study population, since there were no statistically significant differences observed in demographic,
anthropometrical and clinical indices between the two samples [6]. More information on the sampling
procedures followed is presented in details elsewhere [16].

2.2. Dietary Intake

Dietary intake data were obtained by trained dieticians and nutritionists via three 24-h recall
morning interviews (i.e., in two consecutive weekdays and one weekend day) conducted with children
at school-site. More information on the procedures followed to record and assess dietary intake
is provided elsewhere [2,17]. Information on supplement usage was also collected as part of the
24 h recall interviews. Nevertheless, as supplement use has been reported to be very limited in
Southern European countries including Greece [18], especially by children, supplements contribute
only marginally to the total dietary intake of nutrients. Dietary intake data, in terms of food, energy
and nutrient intakes, were analysed using the Nutritionist V diet analysis software (version 2.1, 1999,
First Databank, San Bruno, CA, USA), which was extensively amended to include traditional Greek
dishes and recipes [19]. Furthermore, the database was updated with nutritional information of
processed foods publicly available (i.e., from food labels, products” websites etc.).

The distribution of usual intakes of the B-vitamins under study was estimated by using the
National Research Council method, which attempts to remove the effects of day-to-day (within subject)
and subject-by-subject (between-subject) variability in dietary intakes [20]. To check for underreporting,
the ratio of reported energy intake (EI) and the predicted basal metabolic rate was used. The basal
metabolic rate (BMR) was estimated according to Schofield’s equations [21], taking into account age,
sex and body weight. For the identification of those study participants that under-reported their energy
intake, the age and sex-specific EL:BMR ratio cut-off points proposed by Goldberg et al. [22] were used.
The identified under-reporters were not included in the subsample of 600 children examined in the
current study.

2.3. Measurement of Haematological and Biochemical Indices

Blood samples were obtained for biochemical screening tests between 08.30 and 10.30 after a
12-h overnight fast. Reminders were distributed the previous day to both parents and children to
ensure compliance with fasting. Professional staff performed venipuncture to obtain a maximum
of 25 mL blood. Blood was collected in test tubes with or without ethylenediaminetetraacetic acid
(EDTA) as anticoagulant. A part of the EDTA-containing whole blood was analysed on the same day
of collection in a CELL-DYN haematological autoanalyser (Abbott Diagnostics, Abbott Park, IL, USA)
for the determination of white blood cell (WBC) count and lymphocytes (% of WBC). The rest of the
collected blood, with and without anticoagulant, was centrifuged at 3000 rpm for 15 min to isolate
plasma and serum, respectively. The collected plasma and serum samples were pipetted into aliquots
of 0.5 mL that were stored at —80 °C.



Nutrients 2016, 8, 634 4 of 14

Serum was used to measure the concentrations of lipids, iron and inflammation status indices.
More specifically, the concentrations of total cholesterol (TC), high-density lipoprotein cholesterol
(HDLC) and triglycerides were measured using a colorimetric assay (Roche Diagnostics SA, Basel,
Switzerland). Low-density lipoprotein cholesterol (LDLC) was calculated as: LDLC = TC — HDLC
+ triglycerides/5 [23]. The concentration of serum iron and total iron binding capacity (TIBC) were
determined by colorimetric assays (Roche Diagnostics SA, Basel, Switzerland). Transferrin saturation
(TSAT) was calculated by dividing serum iron by TIBC and multiplying by 100. Serum ferritin was
measured by using a chemiluminescence immunoassay (Siemens Healthcare Diagnostics, Tarrytown,
NY, USA). C-reactive protein (CRP) and interleukin 6 (IL-6) were measured with an enzyme-linked
immunosorbent assay (ELISA) (R and D Systems, Minneapolis, MN, USA).

Plasma was used to measure the concentrations of total homocysteine (tHcy) as well as B-vitamin
and zinc status indices. The concentrations of tHcy and riboflavin were measured using HPLC
with fluorescence detection [24,25], while methylmalonic acid (MMA) was determined using liquid
chromatography-tandem mass spectrometry (LC-MS/MS) with negative electrospray ionization (ESI)
and multiple reaction monitoring (MRM) mode at mass system [26]. The main reagents (standards,
controls and columns) for these plasma analyses were supplied by Chromsystems (Chromsystems
Instruments and Chemicals GmbH, Grafelfing, Germany). According to the quality control measures
conducted before performing the measurements of the plasma concentrations of the aforementioned
indices, the inter-assay coefficients of variation were 3.2%-3.6% for plasma MMA levels, 2.9%-3.1% for
plasma tHcy levels and <4.0% for plasma vitamin B; levels. For the determination of zinc, plasma was
diluted with deionized water, with a ratio of 1:5. Working standard solutions were prepared by dilution
of the stock standards with 5% (v/v) glycerol and determination was performed by atomic absorption
spectrophotometer (Shimadzu AA6300) in flame mode. Recoveries of spiked samples ranged between
95% and 105% while the intra- and inter-day variation was less than 10%. The laboratory of Public
Health, in which the analyses were conducted, is accredited according to International Organization
for Standardization (ISO) 17025 by the Hellenic Accreditation System (ESYD) for metal analyses.

2.4. Cardio-Respiratory Fitness and Muscle (Handgrip) Strength

Cardiorespiratory fitness was estimated indirectly according to children’s performance in the
endurance 20-m shuttle run test (ERT). The ERT is a field test included in the European battery of
physical fitness tests and recommended by the Committee of Experts on Sports Research [27]. Based on
the test’s instructions, participants start running at a speed of 8.5 km/h while speed is gradually
increasing in stages. Participants shuttled between two lines placed 20 m apart, at a pace dictated by a
sound signal on an audiotape, which gets progressively faster (by 0.5 km/h every minute). Each stage
of the test is made up of several shuttle runs and the score of the participant is the half-stage completed
before the child drops out (thus, scores can be 0, 0.5, 1, 1.5, 2, etc.). The higher the ERT score, the
better the cardiorespiratory fitness. Prior to the test, all children received clear and comprehensible
instructions on rules and procedures, while during the test they were verbally encouraged by the
researchers to reach their maximal number of laps. The ERT is recommended for large groups of
children, since it is reliable, valid, non-invasive, and requires limited facilities [28]. Handgrip strength
was measured three times on each side, alternating between right and left hands, using a portable Takei
handgrip dynamometer (Takei Scientific Instruments Co. Ltd., Tokyo, Japan). Participants were given
standardized encouragement to squeeze the dynamometer as hard as possible. The dynamometer was
calibrated at the start of the study. The mean handgrip strength was calculated in each hand.

2.5. Anthropometric Indices

The protocol and equipment used for anthropometric measurements were the same in all schools.
Body weight was measured to the nearest 10 g using a Seca digital scale (Seca Alpha, Model 770,
Hamburg, Germany) in the minimum clothing possible. Height was measured to the nearest 0.1 cm
using a commercial stadiometer (Leicester Height Measure, Invicta Plastics Ltd., Oadby, UK) with
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participants barefoot, their shoulders in a relaxed position, their arms hanging freely and their head
aligned in Frankfort plane. Weight and height were converted to body mass index (BMI) using
Quetelet’s equation (i.e., weight (kg)/height? (m?)).

2.6. Physical Activity Levels

Physical activity was objectively measured using step counters and was used as one of the
covariates in the current analyses. More specifically, children were provided with and instructed to
wear a waist-mounted pedometer (Yamax SW-200 Digiwalker, Tokyo, Japan) for one week, i.e., from
Monday to Sunday. Detailed information for the procedures followed for the recording of steps is
provided elsewhere [29].

2.7. Statistical Analyses

Normality of the distribution of continuous variables was analysed using the Kolmogorov-Smirnov
test. Non-normally distributed continuous variables were logarithmically transformed prior to
any statistical analysis. Normally distributed continuous variables were displayed as the mean
value =+ standard deviation (sd), while non-normally distributed ones were displayed as the median
values and interquartile range. Differences in mean or median values of continuous variables were
examined using the Student’s t-test or the Mann-Whitney test in the case of normally or non-normally
distributed variables, respectively. Regression analyses were performed for testing the associations
between milk consumption (independent variable) and certain health indices (each health index
was used as the dependent variable in the regression models tested), initially adjusting for age
and sex (model 1) and for a wide range of other potential and relevant confounders, according
to current knowledge and evidence (model 2). The use of these variables as confounders in the
regression models was based on existing knowledge regarding the association of the potential
confounder with the dependent and/or the independent variable in each regression model that could
potentially affect their relationship, i.e., by strengthening or weakening it. In this regard, additional
adjustments were made for B-vitamin status indices (model 3) as well as for dietary calcium intake
and plasma zinc concentrations (model 4) that could possibly act as effect modifiers in the associations
of milk consumption with health indices. The rationale of adjusting for plasma B-vitamins and
zinc concentrations as well as dietary calcium intake in models 3 or 4 was based on the known role
of these nutrients in the physiology related to each one of the examined health indices. In order
to further investigate whether the observed associations between milk consumption and health
indices are mediated by the dietary intake of vitamin B; or vitamin By, derived from milk, additional
regression analyses were performed. In these regression analyses, adjustments were initially made for
age, sex and a wide range of other relevant and potential confounders (model 1), while additional
adjustments were also made for B-vitamin and zinc status indices (model 2), so as to examine the
possible role of these variables as effect modifiers. All variables used as potential confounders or effect
modifiers in each regression model are listed at the footnotes of Tables 2 and 3. All statistical analyses
were performed with the IBM SPSS Statistics version 21.0 (SPSS Inc., Dallas, TX, USA), all reported
p-values were based on two-sided tests and the level of statistical significance was set at p < 0.05.

3. Results

Table 1 presents the descriptive characteristics of the study participants and the differences
between boys and girls. Several significant differences were observed between the two sexes in dietary
intake indices, with boys reporting higher dietary intakes of energy, total fat, monounsaturated and
saturated fat, cholesterol, protein, carbohydrate, fibre, calcium, folate, vitamins By, B¢ and By, and
milk consumption compared to girls (p < 0.01). Regarding biochemical indices, serum ferritin, serum
CRP and plasma zinc concentrations were higher in boys in comparison to girls (p < 0.001), while
girls had higher concentrations of serum triglycerides compared to boys (p = 0.001). As far as fitness
indices were concerned, boys were found to perform better in the endurance 20 m shuttle run test
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(ERT stages) and to have higher handgrip strength in both arms compared to their female counterparts
(p < 0.001). Furthermore, boys recorded, on average, more daily steps compared to girls. Considering
all aforementioned statistically significant differences between boys and girls, adjustments for sex were
made in all regression models performed to examine the research hypothesis. No other statistically
significant differences were observed between sexes.

Table 1.
anthropometrical and physical activity indices in the total sample and by sex.

Average age and levels of dietary intake, haematological, biochemical, fitness,

Total Sample (1 = 600) Boys (1 = 296) Girls (n = 304)

p-Value *
Mean (SD) Mean (SD) Mean (SD)
Age (years) 112 (0.7) 11.2 (0.6) 112 (0.7) 0.441
Dietary intake indices
Energy intake (kcal/day) 1875 (556) 1987 (559) 1765 (532) <0.001
Total fat intake (g/day) 85 (32) 90 (33) 80 (30) <0.001
Monounsaturated fat intake (g/day) 39 (17) 42 (18) 37 (15) <0.001
Polyunsaturated fat intake (g/day) 11 (9) 11 (7) 12 (11) 0.742
Saturated fat intake (g/day) 31 (12) 33 (13) 29 (11) <0.001
Cholesterol intake (mg/day) 241 (120) 254 (123) 228 (115) 0.010
Protein intake (g/day) 72 (24) 77 (24) 67 (22) <0.001
Carbohydrate intake (g/day) 215 (69) 227 (69) 203 (67) <0.001
Fibre intake (g/day) 15 (8) 16 (8) 14 (8) 0.001
Calcium intake (mg/day) 1086 (409) 1147 (426) 1025 (382) <0.001
Folate intake (ug/day) 249 (134) 269 (137) 230 (128) <0.001
Vitamin B, intake (mg/day) 1.8(0.7) 1.8(0.7) 1.6 (0.6) <0.001
Vitamin By intake (mg/day) 1.8 (0.7) 1.9 (0.8) 1.7 (0.7) <0.001
Vitamin By, intake (ug/day) 4.8(3.7) 52 (4.3) 4.3(29) 0.001
Milk consumption (mL/day) * 310 (181-488) 364 (244-516) 258 (129-440) 0.002
Haematological indices
Haemoglobin (g/100 mL) 13.2 (0.86) 13.3 (0.85) 13.2 (0.87) 0.155
Biochemical indices (serum)
Lipids and lipoproteins
Total cholesterol (mmol/L) 4.33 (0.85) 4.37 (0.86) 4.29 (0.84) 0.238
Triglycerides (mmol /L) 0.71 (0.35) 0.66 (0.32) 0.75 (0.37) 0.001
HDL cholesterol (mmol/L) 1.56 (0.41) 1.59 (0.40) 1.53 (0.41) 0.098
LDL cholesterol (mmol/L) 2.45 (0.67) 2.48 (0.69) 2.41 (0.64) 0.202
Inflammation markers
White Blood cells (10° /L) 6.62 (1.50) 6.56 (1.45) 6.67 (1.54) 0.348
Lymph cells (%) 37.9 (7.88) 38.3 (7.47) 37.6 (8.25) 0.242
CRP (nmol/L) 5.59 (2.04-14.3) 745 (2.37-17.4) 4.69 (1.70-11.9) <0.001
Interleukin-6 (pg/mL) 1.14 (1.04) 1.14 (0.95) 113 (1.12) 0.959
Zinc, iron and B vitamin status markers
Zinc (umol/L) 12.4 (1.8) 12.6 (2.0) 12.1 (1.8) <0.001
Iron (umol/L) 15.1(6.2) 14.8 (6.04) 15.3 (6.35) 0.257
Ferritin (pmol/L) 67.3 (40.5) 74.4 (45.6) 60.3 (33.5) <0.001
Transferrin saturation (%) 25 (10) 25 (10) 25 (11) 0.999
Plasma riboflavin (umol/L) 117.0 (82.5-169.6) 114.4 (85.1-156.3) 117.0 (79.8-183.5) 0.448
Plasma total homocysteine (umol/L) 5.7 (1.8) 5.8 (1.7) 5.6 (1.9) 0.170
Plasma methylmalonic acid (nmol/L) 0.11 (0.06) 0.10 (0.06) 0.11 (0.06) 0.709
Fitness indices
Endurance Run test Stages 23 (14) 2.7 (1.5) 19 (1.1) <0.001
Right handgrip strength 19.5 (4.5) 20.3 (4.3) 18.8 (4.5) <0.001
Left handgrip strength 18.6 (4.4) 19.2 (4.3) 18.0 (4.4) <0.001
Anthropometrical indices
Height (cm) 149.5 (7.7) 149.0 (7.5) 150.0 (7.9) 0.097
Body Mass Index (kg/m?) 20.5 (3.9) 20.7 (3.9) 20.4 (3.8) 0.334
Physical activity indices
Steps (no per day) 13,105 (4777) 14,497 (4933) 11,749 (4205) <0.001

SD: Standard deviation; HDL: high-density lipoprotein; LDL: low-density lipoprotein; CRP: C-reactive protein.
* p-Values were derived from the Student’s t-test or the Mann-Whitney test whenever appropriate; ' on-normally
distributed variables displayed as median values (25th-75th quartile).
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Table 2 summarizes the associations of children’s milk consumption (in mL/day) with certain
biochemical, fithess and anthropometrical indices in different regression models where gradual
adjustments were made for potential confounders (models 1 and 2) as well as for effect modifiers
(models 3 and 4). Milk consumption was negatively associated with serum triglycerides (3 = —0.11;
p = 0.010), ferritin (3 = —0.08; p = 0.042) and CRP (3 = —0.1; p = 0.013) concentrations but positively with
HDLC (3 =0.11; p = 0.007) concentrations after adjusting for age and sex (model 1). Nevertheless, these
associations became statistically non-significant when adjustments for other potential confounders
were also performed (models 2 and 3). However, milk consumption remained significantly and
positively associated with the number of stages (f = 0.09; p = 0.017) performed in the ERT, even after
several adjustments for potential confounders (models 1 and 2) or effect modifiers (model 3) were
made. In addition, milk consumption remained significantly and negatively associated with BMI
(B =—0.10; p = 0.014), even after controlling for a wide range of confounders (model 2), and lost
statistical significance when also controlling for B-vitamins status (model 3) but regained statistical
significance when adjustments were additionally made for dietary calcium intake (model 4).

Table 3 displays the associations of children’s dietary intake of vitamin B, and By, derived
from milk with biochemical, fitness and anthropometrical indices, after gradually adjusting for a
number potential confounders (model 1) and possible effect modifiers (model 2). Dietary intake of
vitamin B, derived from milk remained positively and significantly associated with serum HDLC
(B =0.08; p = 0.041), even after several adjustments were made. Furthermore, the association between
dietary intake of vitamin Bj, derived from milk and serum ferritin concentrations became statistically
significant ( = —0.09; p = 0.029) when adjustments were made for B-vitamin status indices in model 2,
while no significant association was observed in model 1. The dietary intakes of vitamin B, and By,
derived from milk remained significantly associated with the number of stages performed in the ERT
(B =0.10; p = 0.015 and 3 = 0.10; p = 0.014 for vitamin B, and Bj, respectively) after adjusting for
several potential confounders (model 1) and possible effect modifiers (model 2). No other statistically
significant associations were observed.
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Table 2. Regression models testing the associations of milk intake with biochemical, fitness and anthropometrical indices of health status after controlling for potential
relevant confounders and possible effect modifiers.

Independent Variable: Milk Intake (mL/Day)

Dependent Variable(s) Model 1 Model 2 Model 3 Model 4
§ p-Value § p-Value B p-Value § p-Value
Biochemical indices (serum lipids)
Total cholesterol (mmol/L) —0.02 0.593 —0.02 0.624 —0.02 0.635 - -
Triglycerides (mmol/L) —-0.11 0.010 —-0.07 0.085 —0.07 0.095 - -
HDL cholesterol (mmol/L) 0.11 0.007 0.08 0.055 0.07 0.064 - -
LDL cholesterol (mmol/L) —-0.07 0.085 —0.06 0.184 —0.05 0.198 - -
Biochemical indices (iron status)
Ferritin (pmol/L) —0.08 0.042 —0.05 0.196 —0.07 0.080 - -
Transferrin saturation (%) 0.02 0.632 —0.01 0.835 —-0.02 0.572 - -
Biochemical indices (inflammation markers)
White Blood cells (10° /L) —-0.21 0.610 —0.02 0.685 —0.01 0.872 —0.02 0.670
Lymph cells (%) 0.20 0.631 0.17 0.681 0.01 0.778 0.01 0.750
CRP (nmol/L) —0.10 0.013 —0.07 0.114 —0.07 0.115 —0.06 0.132
Interleukin-6 (pg/mL) 0.02 0.698 0.02 0.624 0.03 0.515 0.02 0.594
Fitness indices
Endurance Run test Stages 0.16 <0.001 0.11 0.008 0.10 0.017 - -
Right handgrip strength —0.02 0.590 0.001 0.982 0.01 0.782 - -
Left handgrip strength —0.01 0.826 0.03 0.504 0.04 0.333 - -
Anthropometrical indices
Height (cm) 0.003 0.944 —0.01 0.818 0.01 0.892 0.02 0.601
Body Mass Index (kg/mz) —0.13 0.002 —0.09 0.038 —0.07 0.111 —0.10 0.014

HDL: High-density lipoprotein; LDL: low-density lipoprotein; CRP: C-reactive protein. Model 1 was adjusted for age and sex; Model 2 was adjusted for age, sex, dietary energy intake
and total steps per day in the case of all dependent variables. Adjustments were also made for dietary protein intake in the case of inflammation, fitness and anthropometrical indices;
for dietary fibre and fat intake in the case of serum lipids, iron status, inflammation and anthropometrical indices; for dietary carbohydrate intake in the case of inflammation and
anthropometrical indices; for Body Mass Index (BMI) in the case of serum lipids, iron status, inflammation and fitness indices; for dietary cholesterol intake in the case of serum
lipids; for CRP and IL-6 in the case of iron status indices; and for hemoglobin levels in the case of fitness indices; Model 3 was adjusted for the same variables as in model 2 and for
plasma riboflavin levels in the case of all dependent variables. Adjustments were also made for total plasma total homocysteine (tHcy) and methylmalonic acid (MMA) in the case
of iron status, inflammation, fitness and anthropometrical indices; Model 4 was adjusted for the same variables as in model 3 and for zinc levels in the case of inflammation and
anthropometrical indices; for dietary calcium intake in the case of BML
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Table 3. Regression models testing the associations of vitamin B, and vitamin By, derived from milk with biochemical, fitness and anthropometrical indices of health
status after controlling for potential relevant confounders and possible effect modifiers.

Independent Variable: Vitamin B, Derived from Milk (mg/Day) Independent Variable: Vitamin Bq; Derived from Milk (mg/Day)

Dependent Variable(s): Model 1 Model 2 Model 1 Model 2
8 p-Value B p-Value 8 p-Value B p-Value
Biochemical indices (serum lipids)
Total cholesterol (mmol/L) —0.02 0.600 -0.02 0.591 -0.02 0.542 -0.03 0.525
Triglycerides (mmol/L) —0.08 0.056 —0.07 0.073 —0.08 0.067 —0.07 0.090
HDL cholesterol (mmol/L) 0.12 0.006 0.08 0.041 0.07 0.082 0.07 0.099
LDL cholesterol (mmol/L) —0.07 0.081 —0.06 0.149 —0.07 0.092 —0.06 0.171
Biochemical indices (iron status)
Ferritin (pmol/L) —0.07 0.135 —0.08 0.057 —0.08 0.076 —0.09 0.029
Transferrin saturation (%) —0.02 0.641 —0.04 0.297 0.02 0.717 —0.04 0.337
Biochemical indices (inflammation markers)
White Blood cells (10° /L) —0.006 0.891 —0.003 0.936 0.001 0.998 0.001 0.975
Lymph cells (%) 0.01 0.745 0.02 0.703 0.01 0.733 0.02 0.679
CRP (nmol/L) —0.07 0.112 —0.08 0.080 —0.08 0.098 —0.08 0.085
Interleukin—6 (pg/mL) 0.02 0.546 0.02 0.610 0.03 0477 0.02 0.568
Fitness indices
Endurance Run test Stages 0.11 0.006 0.10 0.015 0.12 0.006 0.10 0.014
Right handgrip strength 0.01 0.884 0.02 0.702 0.01 0.789 0.02 0.627
Left handgrip strength 0.03 0.466 0.04 0.344 0.03 0.467 0.04 0.357
Anthropometrical indices

Height (cm) 0.003 0.952 0.03 0.555 —0.004 0.920 0.02 0.632
Body Mass Index (kg/m?) —0.07 0.114 —0.05 0.252 —0.07 0.082 —0.06 0.192

HDL: High-density lipoprotein; LDL: low-density lipoprotein; CRP: C-reactive protein. Model 1 was adjusted for age, sex, dietary energy intake, total number of steps per day in the
case of all dependent variables. Adjustments were also made for dietary fat intake in the case of serum lipids, inflammation markers and anthropometrical indices; for dietary protein
intake in the case of inflammation markers, fitness and anthropometrical indices; for dietary carbohydrates intake in the case of inflammation markers and anthropometrical indices;
for dietary cholesterol intake in the case of serum lipids; dietary fibre intake in the case of serum lipids, iron status indices, inflammation markers and anthropometrical indices; for
dietary iron intake in the case of iron status indices; for Body Mass Index (BMI) in the case of serum lipids, iron status indices, inflammation markers and fitness indices; for CRP and
IL-6 in the case of iron status indices; and for haemoglobin levels in the case of fitness indices; Model 2 was adjusted for the same variables as in model 1 and for plasma riboflavin
levels in the case of all dependent variables. Adjustments were also made for total plasma total homocysteine (tHcy) and for methylmalonic acid (MMA) in the case of iron status
indices, inflammation markers, fitness and anthropometrical indices; and for plasma zinc levels in the case of inflammation markers and height.
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4. Discussion

The current study highlighted a positive association between milk consumption with
cardiorespiratory fitness, as indicated by children’s performance in the ERT. The evidence available in
the literature regarding this specific association is very limited. In this regard, to our knowledge only
the HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) study has reported a strong
positive association between intake of dairy products by European male and female adolescents and
cardiorespiratory fitness levels [30]. Regarding prospective data, only one study reported a positive
association of milk intake in childhood with physical performance in elderly and specifically at a
mean age of 75.3 years [31]. As milk consumption has been previously reported to be part of a more
favourable lifestyle pattern in children [32], increased physical activity levels recorded for children with
higher milk consumption, could provide a basis for interpreting the positive association between milk
intake and fitness levels observed in the present study. However, the association of milk consumption
with cardiorespiratory fitness retained statistical significance even after gradually adjusting for a wide
range of potential confounders, including dietary and physical activity indices among them, thus
probably indicating an independent association.

Several metabolically active nutrients naturally present in milk could provide a basis for
interpreting the possible independent association between milk consumption and cardiorespiratory
fitness and, to an extent, the potential mechanisms underlying it. In this regard, this association
could be interpreted by milk’s relatively high percent contribution to the total dietary intakes of
vitamin B, and By (i.e., 28.4% and 26.6% respectively) [6]. The key role of vitamin B; in a diversity of
redox reactions (particularly through the co-factors flavin mononucleotide (FMN) and flavin adenine
dinucleotide (FAD) that act as electron carriers) is well established and highlights the importance
of vitamin B, in the human metabolism, substrate oxidation (e.g.,  oxidation of fatty acids) and
energy production [33-35]. Inadequate intake of vitamin B, would therefore be expected to lead to
metabolic disturbances, with subsequent functional implications including deterioration of physical
performance. In addition to vitamin B;, vitamin By, is also involved in energy utilization mainly
via stimulation of mitochondrial function [36,37]. In addition, both vitamin B, and Bq; have a role
in the process of haemoglobin synthesis and erythropoiesis [38,39], thus improving the capacity of
oxygen transportation to tissues for energy production. Considering that the statistical significance
of the associations between milk consumption, as well as vitamin B, and By, derived from milk and
cardiorespiratory fitness was slightly attenuated after adjusting for B-vitamin status indices, the latter
could possibly mediate these associations, most likely via the pathways mentioned above.

Regarding the negative and possibly independent association observed in the present study
between milk consumption and BMI, dietary intakes of vitamin B, and By, derived from milk could
also be implicated. More specifically, the rise in plasma concentrations of B-vitamins induced by milk
consumption, as previously observed in the schoolchildren also examined in the present study [6], may
mediate the favourable effect of milk on children’s weight status, possibly via the role of B-vitamins in
substrate oxidation and energy production. Nevertheless, further research is needed to expand the
knowledge on the possible role of B-vitamins derived from milk on children’s BMI. The high calcium
content of milk could provide a more solid basis for another interpretation of the negative relation
between milk consumption and BMI, especially when considering that this association regained
statistical significance after adjusting for dietary calcium intake (i.e., model 4 in Table 2). In terms
of suggested metabolic pathways, calcium has been proposed to decrease dietary energy intake
(i.e., through the formation of calcium-fatty acids soaps and stimulation of satiety) and increase
energy utilization (i.e., through increased fat oxidation) [40] thus favourably contributing to energy
equilibrium. In this context, a meta-analysis has recently reported that an increase of calcium intake by
~800 mg/day would also favour an 11% increase in fat oxidation [41], while evidence from a second
meta-analysis showed that for every ~1200 mg of calcium consumed daily, an excretion of ~5 g/day of
fat (or 45 kcal/day) can be expected [42]. Considering that children in the present study reported a
mean dietary calcium intake of ~1100 mg/day, with dairy and milk contributing to 63.2% and 36.6%
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(~700 or 420 mg/day) respectively of this intake, the negative association between milk intake and BMI
observed in the present study could be supported, probably through the pathways mentioned above.

The present study revealed another positive association between dietary intake of vitamin By
(as well as a tendency for vitamin By;) derived from milk and serum concentrations of HDLC even
after several adjustments were made for dietary, physical activity, anthropometrical and B-vitamin
status indices. Associations of borderline statistical significance (0.5 < p < 0.1) were also observed for
serum concentrations of triglycerides, which tended to be associated with vitamin B, and B, derived
from milk even after several adjustments were performed. Although riboflavin and flavoenzymes are
known to be involved in the biosynthetic pathways of cholesterogenesis [43], additional research is
still needed in order to elucidate this specific association.

Another interesting finding of the present study that warrants interpretation is the negative
association observed between vitamin By, derived from milk and serum ferritin concentrations
following adjustments for B-vitamin status indices (i.e., model 2 in Table 3). One interpretation
of this association could stem from the lowering in the blood levels of certain cardio-metabolic risk
indices, attributed to several bioactive compounds found in milk, with vitamin B;, included among
them. Considering the positive associations reported by previous studies between increased serum
ferritin levels and the risk for atherogenesis [44—47], there might be a metabolic pathway inversely
linking dietary vitamin By, derived from milk with serum ferritin concentrations [48]. However, the
above is only speculative and, as such, further research is needed to either provide a safe interpretation
of the association observed in the present study between vitamin By, derived from milk and serum
ferritin concentrations or prove a random association.

The findings of the current study should be interpreted in light of its strengths and limitations.
Adjustments for the effects of day-to-day (within-subject) and subject-by-subject (between-subject)
variability to estimate usual dietary intakes, as well as exclusion of subjects that were under-reporting
their food consumption could be considered as the strongest component of the methodological
approach used in the present study. Regarding limitations, first and foremost, a cause-effect relationship
cannot be identified due to the cross-sectional design of the current study. Secondly, although
under-reporters were excluded in the present study, self-reporting of food intake data introduce bias to
the dietary intake data. Thirdly, the use of plasma riboflavin concentrations to assess vitamin B, status
could be considered as another limitation of the present study, taking into account the light-sensitivity
of flavonoids that could probably have affected the results of the present study regarding the reported
associations between plasma riboflavin and health status indices. However, exposure of blood samples
collected in the present study to (indoor) light was negligible, since the intermediate time between
blood collection, processing and plasma storage was only a few minutes.

5. Conclusions

In conclusion, the present study showed that higher milk consumption was independently
associated with higher cardiorespiratory fitness and lower BMI levels in Greek preadolescents. Dietary
intakes of vitamin B, and By, intake derived from milk could provide a basis for interpreting these
associations, especially when considering the key roles of these vitamins in substrate oxidation and
energy production as well in haemoglobin synthesis and erythropoiesis. However, further research
is needed in order to shed more light on the effects of the dietary intakes of vitamin B, and By,
for which dairy products are among their major food sources, on several health status indices in
children and adolescents.

Acknowledgments: The biochemical analyses of plasma riboflavin and statistical analyses were supported by a
research grant from FrieslandCampina. FrieslandCampina was not involved in the recruitment of participants as
well as in data collection, management and analysis. The authors are indebted to the research team members of
the Healthy Growth Study, as well as to the parents and children for their willingness to participate in the study.



Nutrients 2016, 8, 634 12 of 14

Author Contributions: Y.M. and E.v.d.H. contributed to the study design. Y M., G.M. and C.M. were responsible
for data collection, management and statistical analyses. All authors contributed to the writing and revising of
the manuscript.

Conflicts of Interest: E.v.d.H. and C.M.S.-P. are employees at FrieslandCampina. None of the other authors have
any potential conflict of interest. Any opinions, findings, conclusions or recommendations expressed in the current
study are those of the authors and do not necessarily reflect the views of FrieslandCampina.

References

1.

10.

11.

12.

13.

14.
15.

16.

17.

Prentice, A.M. Dairy products in global public health. Am. J. Clin. Nutr. 2014, 99, 12125-1216S. [CrossRef]
[PubMed]

Manios, Y.; Moschonis, G.; Grammatikaki, E.; Mavrogianni, C.; van den Heuvel, E.G.; Bos, R.; Singh-Povel, C.
Food group and micronutrient intake adequacy among children, adults and elderly women in Greece.
Nutrients 2015, 7, 1841-1858. [CrossRef] [PubMed]

United States Department of Health and Human Services; United States Department of Agriculture. Dietary
Guidelines for Americans, 2010, 7th ed.; Government Printing Office: Washington, DC, USA, 2010; p. 95.
Gillard, B.K.; Simbala, J.A.; Goodglick, L. Reference intervals for amylase isoenzymes in serum and plasma
of infants and children. Clin. Chem. 1983, 29, 1119-1123. [PubMed]

Food and Agriculture Organization of the United Natiosn (FAO). Food-Based Dietary Guidelines,
2016. Available online: http:/ /www.fao.org/nutrition/nutrition-education/food-dietary-guidelines/en/
(accessed on 15 April 2016).

Manios, Y.; Moschonis, G.; Dekkers, R.; Mavrogianni, C.; Grammatikaki, E.; van den Heuvel, E. Vitamin B,
vitamin By, and total homocysteine status in children and their associations with dietary intake of B-vitamins
from different food groups: The Healthy Growth Study. Eur. J. Nutr. 2015. [CrossRef] [PubMed]
Abargouei, A.S.; Janghorbani, M.; Salehi-Marzijarani, M.; Esmaillzadeh, A. Effect of dairy consumption on
weight and body composition in adults: A systematic review and meta-analysis of randomized controlled
clinical trials. Int. ]. Obes. (Lond.) 2012, 36, 1485-1493. [CrossRef] [PubMed]

Chen, M.; Pan, A; Malik, V.S.; Hu, E.B. Effects of dairy intake on body weight and fat: A meta-analysis of
randomized controlled trials. Am. J. Clin. Nutr. 2012, 96, 735-747. [CrossRef] [PubMed]

Soedamah-Muthu, S.S.; Ding, E.L.; Al-Delaimy, WK.; Hu, EB.; Engberink, M.F.; Willett, W.C.; Geleijnse, ].M.
Milk and dairy consumption and incidence of cardiovascular diseases and all-cause mortality: Dose-response
meta-analysis of prospective cohort studies. Am. . Clin. Nutr. 2011, 93, 158-171. [CrossRef] [PubMed]
Ralston, R.A.; Lee, ].H.; Truby, H.; Palermo, C.E.; Walker, K.Z. A systematic review and meta-analysis of
elevated blood pressure and consumption of dairy foods. J. Hum. Hypertens. 2012, 26, 3—13. [CrossRef]
[PubMed]

Moreno, L.A.; Bel-Serrat, S.; Santaliestra-Pasias, A.; Bueno, G. Dairy products, yogurt consumption, and
cardiometabolic risk in children and adolescents. Nutr. Rev. 2015, 73, 8-14. [CrossRef] [PubMed]
Pihlanto-Leppala, A.; Koskinen, P.; Piilola, K.; Tupasela, T.; Korhonen, H. Angiotensin I-converting enzyme
inhibitory properties of whey protein digests: Concentration and characterization of active peptides.
J. Dairy Res. 2000, 67, 53-64. [CrossRef] [PubMed]

Villarroel, P; Villalobos, E.; Reyes, M. Calcium, obesity, and the role of the calcium-sensing receptor. Nutr. Rev.
2014, 72, 627-637. [CrossRef] [PubMed]

Hambidge, M. Biomarkers of trace mineral intake and status. J. Nutr. 2003, 133, 9485-955S. [PubMed]
Green, R. Indicators for assessing folate and vitamin B-12 status and for monitoring the efficacy of
intervention strategies. Am. J. Clin. Nutr. 2011, 94, 6665-672S. [CrossRef] [PubMed]

Moschonis, G.; Tanagra, S.; Vandorou, A.; Kyriakou, A.E.; Dede, V.; Siatitsa, P.E.; Koumpitski, A.;
Androutsos, O.; Grammatikaki, E.; Kantilafti, M.; et al. Social, economic and demographic correlates
of overweight and obesity in primary-school children: Preliminary data from the Healthy Growth Study.
Public Health Nutr. 2010, 13, 1693-1700. [CrossRef] [PubMed]

Manios, Y.; Moschonis, G.; Mavrogianni, C.; Bos, R.; Singh-Povel, C. Micronutrient intakes among children
and adults in Greece: The role of age, sex and socio-economic status. Nutrients 2014, 6, 4073-4092. [CrossRef]
[PubMed]


http://dx.doi.org/10.3945/ajcn.113.073437
http://www.ncbi.nlm.nih.gov/pubmed/24646820
http://dx.doi.org/10.3390/nu7031841
http://www.ncbi.nlm.nih.gov/pubmed/25768954
http://www.ncbi.nlm.nih.gov/pubmed/6189641
http://www.fao.org/nutrition/nutrition-education/food-dietary-guidelines/en/
http://dx.doi.org/10.1007/s00394-015-1082-z
http://www.ncbi.nlm.nih.gov/pubmed/26514562
http://dx.doi.org/10.1038/ijo.2011.269
http://www.ncbi.nlm.nih.gov/pubmed/22249225
http://dx.doi.org/10.3945/ajcn.112.037119
http://www.ncbi.nlm.nih.gov/pubmed/22932282
http://dx.doi.org/10.3945/ajcn.2010.29866
http://www.ncbi.nlm.nih.gov/pubmed/21068345
http://dx.doi.org/10.1038/jhh.2011.3
http://www.ncbi.nlm.nih.gov/pubmed/21307883
http://dx.doi.org/10.1093/nutrit/nuv014
http://www.ncbi.nlm.nih.gov/pubmed/26175484
http://dx.doi.org/10.1017/S0022029999003982
http://www.ncbi.nlm.nih.gov/pubmed/10717843
http://dx.doi.org/10.1111/nure.12135
http://www.ncbi.nlm.nih.gov/pubmed/25182976
http://www.ncbi.nlm.nih.gov/pubmed/12612181
http://dx.doi.org/10.3945/ajcn.110.009613
http://www.ncbi.nlm.nih.gov/pubmed/21733877
http://dx.doi.org/10.1017/S1368980010002247
http://www.ncbi.nlm.nih.gov/pubmed/20883568
http://dx.doi.org/10.3390/nu6104073
http://www.ncbi.nlm.nih.gov/pubmed/25285410

Nutrients 2016, 8, 634 13 of 14

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Skeie, G.; Braaten, T.; Hjartaker, A.; Lentjes, M.; Amiano, P,; Jakszyn, P; Pala, V.; Palanca, A.; Niekerk, E.M.;
Verhagen, H.; et al. Use of dietary supplements in the European Prospective Investigation into Cancer and
Nutrition calibration study. Eur. J. Clin. Nutr. 2009, 63, S226-5238. [CrossRef] [PubMed]

Trichopoulou, A. Composition Tables of Foods and Greek Dishes; School of Medicine, Department of Hygiene
and Epidemiology: Athens, Greece, 2004.

Clery, D. Laser fusion project alters goals, fueling concern over its strategy. Science 2012, 335, 23. [CrossRef]
[PubMed]

Schofield, W.N. Predicting basal metabolic rate, new standards and review of previous work. Hum. Nutr.
Clin. Nutr. 1985, 39, 5-41. [PubMed]

Goldberg, G.R.; Black, A.E.; Jebb, S.A_; Cole, T]. Critical evaluation of energy intake data using fundamental
principles of energy physiology: 1. Derivation of cut-off limits to identify under-recording. Eur. J. Clin. Nutr.
1991, 45, 569-581. [PubMed]

Friedewald, W.T.; Levy, R.I; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499-502.
[PubMed]

Batey, D.W.,; Eckhert, C.D. Identification of FAD, FMN, and riboflavin in the retina by microextraction and
high-performance liquid chromatography. Anal. Biochem. 1990, 188, 164-167. [CrossRef]

Vester, B.; Rasmussen, K. High performance liquid chromatography method for rapid and accurate
determination of homocysteine in plasma and serum. Eur. J. Clin. Chem. Clin. Biochem. 1991, 29, 549-554.
[CrossRef] [PubMed]

Fasching, C.; Singh, J. Quantitation of methylmalonic acid in plasma using liquid chromatography-tandem
mass spectrometry. Methods Mol. Biol. 2010, 603, 371-378. [PubMed]

Committee for the Development of Sport Council of Europe; Committee of Experts on Sports Research
Council of Europe; Comite pour le Developpement du Sport Conseil de 1'Europe; Comite d’Experts sur la
Recherche en Matiere de Sport Conseil de 'Europe. Eurofit: Handbook for the Eurofit Tests of Physical Fitness;
Council of Europe: Rome, Italy, 1988.

Leger, L.A.; Mercier, D.; Gadoury, C.; Lambert, J. The multistage 20 metre shuttle run test for aerobic fitness.
J. Sports Sci. 1988, 6, 93-101. [CrossRef] [PubMed]

Moschonis, G.; Mougios, V.; Papandreou, C.; Lionis, C.; Chrousos, G.P; Malandraki, E.; Manios, Y.
“Leaner and less fit” children have a better cardiometabolic profile than their “heavier and more fit” peers:
The Healthy Growth Study. Nutr. Metab. Cardiovasc. Dis. 2013, 23, 1058-1065. [CrossRef] [PubMed]
Cuenca-Garcia, M.; Ortega, E.B.; Huybrechts, I; Ruiz, ].R.; Gonzalez-Gross, M.; Ottevaere, C.; Sjostrom, M.;
Diaz, L.E.; Ciarapica, D.; Molnar, D.; et al. Cardiorespiratory fitness and dietary intake in European
adolescents: The Healthy Lifestyle in Europe by Nutrition in Adolescence study. Br. |. Nutr. 2012, 107,
1850-1859. [CrossRef] [PubMed]

Birnie, K.; Ben-Shlomo, Y.; Gunnell, D.; Ebrahim, S.; Bayer, A.; Gallacher, J.; Holly, ].M.; Martin, R M.
Childhood milk consumption is associated with better physical performance in old age. Age Ageing 2012, 41,
776-784. [CrossRef] [PubMed]

Moschonis, G.; Kalliora, A.C.; Costarelli, V.; Papandreou, C.; Koutoukidis, D.; Lionis, C.; Chrousos, G.P.;
Manios, Y. Identification of lifestyle patterns associated with obesity and fat mass in children: The Healthy
Growth Study. Public Health Nutr. 2014, 17, 614-624. [CrossRef] [PubMed]

McCormick, D.B.; Innis, W.S.A.; Merrill, A.H., Jr.; Bowers-Komro, D.M.; Oka, M.; Chastain, ].L. An update
on flavin metabolism in rats and humans. In Flavin and Flavoproteins; Edmondson, D.E., McCormick, D.B.,
Eds.; Walter de Gruyter: New York, NY, USA, 1988; pp. 459-471.

Henriques, B.J.; Olsen, R.K,; Bross, P.; Gomes, C.M. Emerging roles for riboflavin in functional rescue of
mitochondrial beta-oxidation flavoenzymes. Curr. Med. Chem. 2010, 17, 3842-3854. [CrossRef] [PubMed]
Powers, H.].; Corfe, B.M.; Nakano, E. Riboflavin in development and cell fate. Subcell. Biochem. 2012, 56,
229-245. [PubMed]

Depeint, F; Bruce, W.R; Shangari, N.; Mehta, R.; O’Brien, P.J. Mitochondrial function and toxicity: Role of
the B vitamin family on mitochondrial energy metabolism. Chem. Biol. Interact. 2006, 163, 94-112. [CrossRef]
[PubMed]

Depeint, E; Bruce, W.R.; Shangari, N.; Mehta, R.; O’Brien, P.J. Mitochondrial function and toxicity: Role of B
vitamins on the one-carbon transfer pathways. Chem. Biol. Interact. 2006, 163, 113-132. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/ejcn.2009.83
http://www.ncbi.nlm.nih.gov/pubmed/19888276
http://dx.doi.org/10.1126/science.335.6064.23
http://www.ncbi.nlm.nih.gov/pubmed/22223783
http://www.ncbi.nlm.nih.gov/pubmed/4044297
http://www.ncbi.nlm.nih.gov/pubmed/1810719
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://dx.doi.org/10.1016/0003-2697(90)90546-L
http://dx.doi.org/10.1515/cclm.1991.29.9.549
http://www.ncbi.nlm.nih.gov/pubmed/1760484
http://www.ncbi.nlm.nih.gov/pubmed/20077089
http://dx.doi.org/10.1080/02640418808729800
http://www.ncbi.nlm.nih.gov/pubmed/3184250
http://dx.doi.org/10.1016/j.numecd.2012.11.010
http://www.ncbi.nlm.nih.gov/pubmed/23680122
http://dx.doi.org/10.1017/S0007114511005149
http://www.ncbi.nlm.nih.gov/pubmed/22117563
http://dx.doi.org/10.1093/ageing/afs052
http://www.ncbi.nlm.nih.gov/pubmed/22542496
http://dx.doi.org/10.1017/S1368980013000323
http://www.ncbi.nlm.nih.gov/pubmed/23531449
http://dx.doi.org/10.2174/092986710793205462
http://www.ncbi.nlm.nih.gov/pubmed/20858216
http://www.ncbi.nlm.nih.gov/pubmed/22116702
http://dx.doi.org/10.1016/j.cbi.2006.04.014
http://www.ncbi.nlm.nih.gov/pubmed/16765926
http://dx.doi.org/10.1016/j.cbi.2006.05.010
http://www.ncbi.nlm.nih.gov/pubmed/16814759

Nutrients 2016, 8, 634 14 of 14

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Koury, M.J.; Ponka, P. New insights into erythropoiesis: The roles of folate, vitamin B12, and iron.
Annu. Rev. Nutr. 2004, 24, 105-131. [CrossRef] [PubMed]

Fishman, S.M.; Christian, P.; West, K.P. The role of vitamins in the prevention and control of anaemia.
Public Health Nutr. 2000, 3, 125-150. [CrossRef] [PubMed]

Soares, M.].; Pathak, K.; Calton, E.K. Calcium and vitamin D in the regulation of energy balance: Where do
we stand? Int. ]. Mol. Sci. 2014, 15, 4938-4945. [CrossRef] [PubMed]

Gonzalez, J.T.; Rumbold, P.L.; Stevenson, E.J. Effect of calcium intake on fat oxidation in adults:
A meta-analysis of randomized, controlled trials. Obes. Rev. 2012, 13, 848-857. [CrossRef] [PubMed]
Christensen, R.; Lorenzen, ].K.; Svith, C.R.; Bartels, E.M.; Melanson, E.L.; Saris, W.H.; Tremblay, A.; Astrup, A.
Effect of calcium from dairy and dietary supplements on faecal fat excretion: A meta-analysis of randomized
controlled trials. Obes. Rev. 2009, 10, 475-486. [CrossRef] [PubMed]

Pinto, ].T.; Cooper, A.J. From cholesterogenesis to steroidogenesis: Role of riboflavin and flavoenzymes in
the biosynthesis of vitamin D. Adv. Nutr. 2014, 5, 144-163. [CrossRef] [PubMed]

Salonen, ].T.; Nyyssonen, K.; Korpela, H.; Tuomilehto, J.; Seppanen, R.; Salonen, R. High stored iron levels
are associated with excess risk of myocardial infarction in eastern Finnish men. Circulation 1992, 86, 803-811.
[CrossRef] [PubMed]

Salonen, J.T.; Nyyssonen, K.; Salonen, R. Body iron stores and the risk of coronary heart disease. N. Engl.
J. Med. 1994, 330, 1119-1124.

Kiechl, S.; Willeit, J.; Egger, G.; Poewe, W.; Oberhollenzer, F. Body iron stores and the risk of carotid
atherosclerosis: Prospective results from the Bruneck study. Circulation 1997, 96, 3300-3307. [CrossRef]
[PubMed]

Klipstein-Grobusch, K.; Koster, J.E.; Grobbee, D.E.; Lindemans, J.; Boeing, H.; Hofman, A.; Witteman, J.C.
Serum ferritin and risk of myocardial infarction in the elderly: The Rotterdam Study. Am. . Clin. Nutr. 1999,
69, 1231-1236. [PubMed]

McCully, K.S. Homocysteine and the pathogenesis of atherosclerosis. Expert Rev. Clin. Pharmacol. 2015, 8,
211-219. [CrossRef] [PubMed]

@ © 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC-BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1146/annurev.nutr.24.012003.132306
http://www.ncbi.nlm.nih.gov/pubmed/15189115
http://dx.doi.org/10.1017/S1368980000000173
http://www.ncbi.nlm.nih.gov/pubmed/10948381
http://dx.doi.org/10.3390/ijms15034938
http://www.ncbi.nlm.nih.gov/pubmed/24658438
http://dx.doi.org/10.1111/j.1467-789X.2012.01013.x
http://www.ncbi.nlm.nih.gov/pubmed/22708505
http://dx.doi.org/10.1111/j.1467-789X.2009.00599.x
http://www.ncbi.nlm.nih.gov/pubmed/19493303
http://dx.doi.org/10.3945/an.113.005181
http://www.ncbi.nlm.nih.gov/pubmed/24618756
http://dx.doi.org/10.1161/01.CIR.86.3.803
http://www.ncbi.nlm.nih.gov/pubmed/1516192
http://dx.doi.org/10.1161/01.CIR.96.10.3300
http://www.ncbi.nlm.nih.gov/pubmed/9396420
http://www.ncbi.nlm.nih.gov/pubmed/10357744
http://dx.doi.org/10.1586/17512433.2015.1010516
http://www.ncbi.nlm.nih.gov/pubmed/25653125
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Dietary Intake 
	Measurement of Haematological and Biochemical Indices 
	Cardio-Respiratory Fitness and Muscle (Handgrip) Strength 
	Anthropometric Indices 
	Physical Activity Levels 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 

